An integrated farming system is one of the alternatives for climatic change mitigation. This paper reports the application of corn-cattle based integrated farming system in Agrotechno Park Center of Palembang, and discusses its impact on CO 2 fixation and the reduction of methane emissions. The study was based on the data of the first 6 yr from 2003 until 2009. The CO 2 fixed in the soil and plants was determined based on the content of organic C which was multiplied by the index of 3.67. The methane gas produced by Balinese cattle and its dung was observed and modified into feed rations. The results showed that soil organic C increased from 40.80 tons C/ha in the 1 st yr to 66.40 tons C/ha in the 6 th yr. In addition, there was organic C fixation equivalent to 93.95 tons of CO 2 e. Corn biomass increased from 6.67 tons/ha to 18.66 tons/ha, equivalent to an increase in the fixation of atmospheric CO 2 e as much as 19.80 tons CO 2 e/ha. The supplementation of 60%-80% grass fodder with concentrate lowered the concentration of methane gas in cattle breathing by 28.7%, from 617 ppm to 440 ppm, while the methane emissions from cattle manure decreased by 31%, from 1367 mL/head/d to 943 mL/head/d. Installing a bio digester that generates biogas served to accommodate methane gas emissions from cattle dung and used it for bioenergy. Composting reduced the formation of methane gas from cattle manure through a regular process of turning over that gives aeration and forms aerobic condition in the heap of cattle dung. Recycling produces a variety of organic products that store carbon for a longer period of time and slowed the conversion of organic C into CO 2 . This study showed that the diverse activities of an integrated crop-cattle farming could be an alternative solution to climatic change mitigation.
INTRODUCTION
Global climatic change is unavoidable and has a serious impact on national food security. In addition to receiving the impact of global climatic change, the agricultural sector contributes to the emissions of the three principal greenhouse gases, namely carbon dioxide (CO 2 ), methane (CH 4 ) and nitrous oxide (N 2 O). The total national emissions of greenhouse gases in 2005 reached 1792 Gt CO 2 e, 5% of which or 80.179 Gt CO2e came from the agricultural sector emissions. The main sources of greenhouse gas emissions of the agricultural sector come from rice fields, soil N 2 O, and livestock, with the percentage of 46. 2%, 28.1%, and 19.2% respectively (Balingtan, 2014) .
The agricultural sector challenge related to the climatic change issue is making a strategic approach of mitigation through a remarkable development of agricultural technology which at the same time reduces greenhouse gas emissions from the agricultural sector. Mitigation is an effort to reduce the risk of climatic change by increasing the absorption of greenhouse gases from various sources of emissions. The agricultural sector can play a role in absorbing CO 2 in the atmosphere through the process of photosynthesis which absorbs atmospheric carbon and accumulates it in plant biomass and through the accumulation of carbon under the soil surface in the form of soil organic matters and roots. The potential reduction in global emissions of greenhouse gases through the agricultural mitigation action in 2030 was predicted to reach 5.5-6.0 Gt CO 2 e/ yr, mostly (89%) through the potential carbon fixation in the soil. Mitigation action in the agricultural sector in Indonesia started from 2008, and in 2013 there was a success report in reducing greenhouse gas emissions by 12.73 million tons CO2e (Balingtan, 2014) .
One alternative of the agricultural mitigation technology is through a system which combines crops and livestock. The characteristics of integrated agricultural technology related to greenhouse gas mitigation are the synergy of waste recycling, the return of organic waste to the land, and the management of livestock waste through composting and biodigester installation to reduce methane emissions (Meggyes & Nagy 2012; Widihati et al., 2013) . A crop-cattle farming integration system has been carried out by rural farmers in Indonesia (Soedjana, 2004; Haryanto, 2009) , and in some countries in Africa (Lal, 2001; Ugwumba, 2010) and in Asia (Gill et al., 2009 . Kumar et al., 2012 Murthy et al., 2013; Dash et al., 2015) . Studies on this farming system have been widely reported, particularly those that address economic as well as ecological aspects. However, the studies that examine an integrated farming system as an alternative technology which can mitigate greenhouse gases in Indonesia are still not widely reported. This paper reports the study results of the application of corn crop-cattle based integrated farming system in Agrotechno Park (ATP) Center of Palembang and discusses its impact on carbon fixation in the soil and corn crop, and an alternative technology to reduce methane emissions from livestock activities.
MATERIALS AND METHODS
The study of the integrated farming application was conducted in the AgroTechno Park (ATP) Center of Palembang, Ministry of Research and Technology, North Inderalaya, Ogan Ilir, South Sumatra (20 m asl.) starting from 2003 to 2009. The installation consisted of such components as corn planting, cattle and poultry farming, silage, compost and biogas, mushroom cultivation, worms, horticultural crops, and fish on the marginal land of ex-coconut plantation. Before corn planting was carried out, first of all the land was fertilized by using cattle manure compost as much as 5 tons/ha. The corn straw residues on the land were left to dry. Instead of being burned, the dry corn straws were then crushed by a tractor during the land preparation stage. Corn was planted with a spacing of 65 x 20 cm and given a basic fertilizer of ZA 100 kg/ha, SP 36 100 kg/ha and KCl 50 kg/ha, and it was followed up by the urea application of 250 kg/ha. The soil samples at the beginning of the study and during the first 6 yr of the study which were taken from several locations were composited and analyzed in the Laboratory of Soil Department of Agriculture Faculty, Sriwijaya University. Farmer's scale biodigester installation was built to utilize cow dung for producing biogas. Biodigester installation consisteds of a fixed dome type biogas tank made of fiber glass with volume of 4 m 3 . Biodigester wasis designed for 8 cows that produce dung of 7 kg/d/head. Biogas produced in biodigester was flowed through the PVC pipe to a 1 m3 plastic tubes which was connected with a stove for cooking of a household farming family.
Corn biomass was the sum of the weights of corn cob, seedless tuber, straw, and roots. In the first year, the corn samples were taken randomly at several sites to measure the weight of cobs, straw and roots. The corn grains were removed from the cob in order to obtain the grains and the seedless tuber. Then each component of the biomass was measured, weighed and compared. From year 2 to year 6, the weight of each biomass component was determined based on the grains harvested every year. Furthermore, based on the analysis result of the content of soil organic C in the laboratory, C percentage of the soil multiplied by the soil weight (2.10 6 kg/ha) was the weight of soil C per hectare. The organic C content of the plant was 45% of the plant biomass. The fixation of CO 2 in the soil and plant was based on a weight conversion of 1 ton of organic C, which is equivalent to 3,667 tons of CO 2 (Jarecki & Lal, 2003) .
The experiment on the potential production of biogas and methane from cattle dung were performed on five groups of Balinese cattle, each consisted of five cattle, which were kept in separate stalls for 30 d. The dung produced was collected, weighed, and averaged. The biogas from the cattle dung was measured by placing 2.5 kg dung into a mini bio digester, which was left for 30 d. The cumulative volume of biogas produced was measured at the end of the experiment. The volume of methane in biogas was measured by using Portable Gas Monitor, type Odalog 7000. Measurement of methane gas from cow's digestive tract was done by using a facemask method (Purnomoadi et al., 2010) .
Funnel-shaped mask made of 2 mm thick aluminum plate, coated with a cloth, was tied around the cow's mouth. Mask was attached to the cow's mouth by tying it to the neck and horns. Methane gas concentration was measured by flowing gas through a plastic hose to a portable gas monitor (Odalog 7000). Gas measurement was carried out during the period of 10 min and the concentration of methane gas was recorded once every 60 s. Measurements were performed three times, which in the morning, at noon and in the evening. Then, the potential volume of biogas and methane from each cattle was calculated by multiplying the dung production per cattle per day with the volume of biogas and methane produced from the experimental bio digester.
RESULTS AND DISCUSSION

Installation of Integrated Farming System
An integrated farming system (Figure 1 ) is an agricultural system that combines such elements as crops, livestock and fish in such a way that synergize with each other to create biological recycles, where the output of one component becomes the input for another component with a high complementary effect (Gill et al., 2009) . Corn grains are processed into the feeds of poultry, cattle and fish. Straw residues are dried or fermented into silage for cattle feed. Seedless cobs are minced and used as a mixture of the feeds of cattle, poultry and fish, or as mushroom cultivation media. Cattle and poultry raisings produce meat, milk and eggs. Cattle also produce manure which is utilized as worm culture media and fish feed. Most livestock manure is collected in a bio digester to produce biogas for bioenergy that can be used for cooking and lighting. Worm culture produces worm flour for medicine, fish feed, and vermicompost. All the final waste is processed into compost which is to be returned to the soil as fertilizer for crops.
The cycles of the integrated agricultural farming based on the harvest times can be distinguished into a long-term farming cycle, i.e. cattle farming, a mediumterm farming cycle i.e. corn and fish farming, and daily farming such as vegetable and poultry farming that produces eggs. As a result, economically, farmers get more income sources. Integrated farming systems were reported by many researchers to be able to overcome the constraints of small-sized farm land and the problems of agricultural land conversion (Kumar et al., 2012; Dash et al., 2015) . In addition, integrated farming systems could deal effectively with the negative impacts of climatic change, the risk of harvest failure due to pests and diseases, and the fluctuations of selling prices (Lal, 2001; Soedjana, 2004; Niggol. 2010) . Next, integrated farming systems could not only generate more profits and increase the welfare of farmer families, but also improve ecology and biodiversity (Hilimire, 2011; Liswati, 2012) . Finally, integrated farming systems could support the provision of organic fertilizers, improve efficient use of chemical fertilizers, and increase agricultural productivity as well as meet the needs of the national meat pro- Note: * % C organic x soil weight/ha (2.106 kg); ** Conversion of 1 ton carbon equivalent with 3.667 ton CO 2 . (Kusnadi, 2008; Haryanto, 2009; Meggyes & Nagy, 2012) .
Fixing CO 2 in Soil Organic Carbon
The application of compost and crop residues for 6 yr could increase the content of organic carbon in the soil (Table 1) . For 6 yr, 30 tons of organic compost fertilizer and 38.32 tons of crop residues such as straw and roots of corn plants were applied to every single hectare of land. The effects of the application showed that the organic carbon content in the first year, which was 2.04%, or equivalent to 40.80 tons C/ha, increased to 4.19%, or equivalent to 83.80 tons/ha in the fifth year, and then decreased to 3.32%, or equivalent to 66.40 tons C/ha in the sixth year. The average annual increase of C in the soil was 0.21%, or equivalent to 5.12 tons C/ha/yr during the first 6 yr. If converted to the equivalence of CO 2 fixed in the soil, at the beginning it was 149.61 tons CO 2 /ha and increased to 243.48 tons C/ha, or an increase of CO 2 fixation in the soil as much as 15.64 tons/ha/yr.
The application of this system had a positive impact on soil fertility components (Table 2 ). An initial analysis showed that the soil contained low acidic pH, N, P, K, and Ca. The soil texture was characterized by high sand content (66.12%), low clay (18.84%), and low dust (14.98%). The soil pH increased from 4.9 to 5.96 in the sixth year of application. The content of N and K was relatively stable at a moderate level, and the content of P-Bray and Ca increased in the fifth year of application but declined in the sixth year.
Carbon storage in the form of soil organic C is the transfer process of CO 2 from the atmosphere to the soil through the return of crop residues and organic fertilizers to agricultural land, which in turn will fix the atmospheric CO 2 in the soil which does not immediately release it back into the atmosphere as CO 2 gas. During the 6 yr study, 68.82 tons of organic fertilizer was applied, comprising 30 tons derived from the application of compost and 38.82 tons from crop residues. These applications had an impact on the organic carbon content in the soil. Compost and crop residues contained 40%-60% carbon (Jarecki & Lal, 2003) ; therefore, the application of the two materials would not only increase the carbon content in the soil, but also indirectly fix CO 2 in the soil. In the 6th year, from a total of 68.82 tons of organic fertilizer, or equal to 40.92 tons of organic carbon provision applied to the soil, 25.6 tons of carbon, or equal to 62.6% carbon was fixed in the soil. At the beginning, the carbon content of the soil was quite high, namely 40.80 tons/ ha. Then, in the 6 yr period, it increased to 66.40 tons C/ha, or an average annual increase of 5.12 tons/yr for each organic fertilizer application of 11.47 tons/ha/yr to the soil. The fixation level of soil organic C in this study was relatively high when compared with the research conducted by Lal (2001) , which reported an increase in soil carbon from 13.1 tons/ha to 15.4 tons/ha by applying 30 tons manure/ha. Meanwhile, Brown et al. (2007) , reported that 24.3% fixation of soil organic carbon was as a result of the application of 64.5 tons of carbon/ha of urban waste compost.
This study also showed that the increase in organic C as a result of the application of organic manure compost and crop residues had a positive impact on soil fertility parameters, the percentage of soil organic C which increased from 2.04% to 3.17% in the second year of application, and subsequently leveled off at levels above 3%. In addition, the increase was also occurred in soil pH and the content of P and Ca, indicating that crop residues and animal wastes which are often regarded as wastes of lower economic value, if applied to the land, will be able to restore soil organic C and serve as an effective nutrient source replacing chemical fertilizers (Naderi & Ghadiri, 2010; Ugwumba, 2010) . The agricultural system that returns crop residues to the land will increase organic C in the soil, since the destroyed crop residues during the tillage serve as precursor to the formation of soil organic matters, the main source of stored C in the soil, the source for microbes, the soil fauna, and the food source for earthworms (Jarecki & Lal, 2003; Govaerts et al., 2009) . The utilization of organic fertilizer and crop residues will make degraded marginal land fertile and productive that can produce food and meat, ultimately increasing organic carbon fixation in the soil (Russelle et al., 2007; Hilimire, 2011) .
The real effect of the increase in organic C is the increase in the availability of nutrients and the slow release of them, contributing to the supply of N, P, and micronutrients and the improvement of the cation exchange capacity (CEC) of the soil (Jarecki et al., 2005) . The study results are consistent with those reported by Su et al. (2006) , which informed that the application of organic fertilizer for 23 yr would increase soil organic C content from 12.1 tons/ha to 15.46 tons/ha, while the total content of soil N increased from 0.076 g/kg to 1.28 g/kg. Furthermore, Franzluebbers (2005) reviewed various studies on the benefits of long-term applications of organic fertilizers to the soil fertility and organic carbon accumulation in the soil. An 18-yr study in Kenya showed that the use of 10 tons organic fertilizer/yr could increase 0.17 tons C/ha/year, and nearly 9% of the organic C fertilizer was fixed in the soil. In Nigeria, the use of 5 tons organic fertilizer/ha/yr increased 0.21 tons C ha/yr and the total content of P increased by 21 kg/ha/ yr. A study in India for 30 yr involving the use of 10 tons organic fertilizer/ha/yr showed that the soil organic C increased from 3.3 g/kg to 3.9 g/kg, and the total content of soil N increased from 361 mg/kg to 422 mg/kg. The fixation of CO 2 from the atmosphere through photosynthesis process produces a variety of biomolecules that are stored in the biomass of various plant organs. The increased content of organic C (Table 1 ) and soil fertility (Table 2) had an impact on seed production and total plant biomass. The production of corn grains increased linearly from 2.1 tons/ha in the first year to 5.9 tons/ha in the sixth year (Table 3 ). The total biomass increased from 6.67 tons/ha to 18.66 tons/ha. The increased biomass for 6 yr integrated agricultural application was equivalent to the increase of carbon content in plants from 3.00 tons/ha to 8.40 tons/ha in the sixth year. When converted into the amount of fixed atmospheric CO 2 in plants, there was an increase of CO 2 absorption from 11.02 tons CO 2 /ha at the beginning to 30.82 tons CO 2 /ha at the end of the sixth year. The total production of plant biomass and CO 2 absorption by corn plants increased every year on the average of 2.71 tons/ha/yr and 3.96 tons CO 2 /ha/yr respectively.
The abundant CO 2 gas in the atmosphere which reaches 380 ppm can serve as a fertilizer that can increase the rate of photosynthesis and plant growth (Adam et al., 1998) . The process of CO 2 absorption during photosynthesis produces carbohydrates that are then stored in plant biomass. Biomass consists of fiber, carbohydrates, and other related components that contain carbon. This study used hybrid corn plants, and the biomass was divided into such components as grain (31.6%), seedless cob (20.66%), straw (37.75%) and roots (10%). Seeds, seedless cobs, and straw biomass are on the soil surface while the roots under the soil surface are left unharvest. Seeds will be consumed as human food products and animal feed which in the process of digestion and respiration will release CO 2 gas and impurities, while straw and roots are left in the soil as crop residues which will be destroyed during land cultivation and will serve as a source of soil organic carbon. Returning dung and crop residues to the land is a CO 2 mitigation effort that is proven to increase soil fertility, to fix carbon in the soil, and to improve crop productivity.
An integrated farming system that returns organic fertilizer to the land is a mitigation technique that can reduce greenhouse gas emissions because the carbon is stored in the soil and in the plant biomass. This study showed that during the 6 yr of the application of an integrated farming system, the content of soil organic C increased and had a direct effect on the plant productivity. The more organic matters contained in the soil, the more productive the soil. The soil organic C increased 5.12 tons/ha/yr and the seeds production increased 0.76 tons/ha. In other words, an increase of 1 ton/ha of organic C was followed by an increase of 150 kg of seed production.
Studies on CO 2 fixation through the increase in soil organic carbon had a positive impact on the improvement of the soil quality and agronomic productivity as have been widely reported. Improved soil fertility is a synergy to spur the utilization of CO 2 in the atmosphere whose effect is quite dominant as fertilizer on crops (Adam et al., 1998) . The use of compost is an alternative technology which is recommended to improve soil quality and agronomic crop yield (Jarecki & Lal, 2003; Naderi & Ghadiri, 2010; Hilimire, 2011; Dash et al., 2015) . An increase of 1 ton of organic carbon in the soil around the root zone will be able to increase the production of wheat by 20-70 kg/ha, paddy 0-50 kg ha/ha, and corn 30-300 kg/ha (Lal, 2006) . According to Franzluebbers (2005) , 10 tons organic carbon/ha/ yr could increase canopy biomass of corn crop from 2.7 tons/ha to 6.4 tons/ha, whereas seed production increased from 3.3 tons/ha to 5.3 tons/ha. An integrated farming system applying organic fertilizer and chemical fertilizer creates a very intensive crop cultivation technique as proven in this study to be able to increase the productivity of corn crop from 2.1 tons/ha to 5.9 tons/ha. According to Burney et al. (2010) , it is the use of chemical fertilizers that leads to high greenhouse gas emissions, but this spurs the process of photosynthesis which absorbs much CO 2 in the atmosphere and stimulates a high rate of growth and crop production in an intensive agricultural cultivation. An agricultural intensification program is a reliable alternative farming technique to reduce the emissions of greenhouse gases.
Reducing Emissions from Livestock Methane Gas
Based on previous research (Gustiar et al., 2014) , methane gas emissions from cattle digestion could be reduced through the supplementation of concentrate to Note: * C Content in biomass= 45% (Jarecki & Lal, 2003) ; **Conversion 1 ton carbon equivalent with 3.667 ton CO 2 .
substitute grass fodder. The methane concentration in the gas which was released from the mouth and nose of the cattle fed 100% grass fodder with 0% concentrate reached 617 ppm, while cattle fed 20% grass fodder and 80% concentrate, the concentration of methane gas was 440 ppm, a decrease of 28.7%. Furthermore, the production potential for methane in cattle dung decreased from 1367 mL/head/d in cattle fed grass fodder 100% to 943 mL/head/d in cattle fed 40% grass fodder and 60% concentrate, a decline of 31%.Methane gas is one of the greenhouse gases that cause global warming. In ruminants (cattle, buffalo, sheep and goat), methane comes from two sources, namely from the gastrointestinal tract (enteric fermentation) and from the manure. A total of 89% methane gas as a result of fermentation in the cattle rumen was released through the respiratory tract, and the rest through the anus along the dung. Every day, the gas from the rumen released through respiration reaches 200-500 L/head (Johnson & Johnson, 1995) . The total methane emitted by cattle ranged from 56-71 kg/ head/yr (Johnson & Johnson, 1995) . The total enteric gas production contributed 17%-23% of the total greenhouse gas emissions to the agricultural sector nationally (Bamualim et al., 2008; Balingtan, 2014) . One of the methane gas mitigation strategies through the digestive tract is through the increase in feed efficiency by providing the feed that can be absorbed maximally (Herawati, 2012) . The mitigation technology to reduce methane emissions due to the methane fermentation of feed in digestion is to increase the concentrate feed that contains grain starch (Johnson & Johnson, 1995) . The provision of concentrate feed is one of the cattle fattening methods intensively applied to the integrated farming at Agrotechno Park. A decrease in methane gas from the cattle fed concentrate feed supplementation is apparently linked to the high content of carbohydrates and fat in the concentrate feed given. The concentrate feed given in the experiment conducted by Gustiar et al. (2014) composed of 30.5% rice bran and 31% palm oil cake. Rice bran contained 19.61% carbohydrate (Ahmad et al., 2012) , and palm oil cake contained 12%-16.1% fat (Mustaffa, 1987; Sinurat, 2012) . According to Johnson & Johnson (1995) and Sajati et al. (2012) , fermented concentrate feed that contains starch in the rumen will produce propionic acid, whereas fermentation of grass fodder that contains a lot of fiber will produce acetic acid. The production of methane by methanogenic bacteria in the rumen depends on the ratio of propionic acid: acetic acid. If the ratio of propionic acid: acetic acid was 0.5, the methane produced in the rumen could achieve 0% GEI (gross energy intake), and if all carbohydrates were fermented to become acetic acid, the methane gas produced could reach 38% GEI. Meanwhile, the high fat content in the feed stimulates the production of propionic acid which will suppress metanaogenic bacteria and protozoa, organisms in the methane-producing rumen (Johnson & Johnson, 1995) .
This study showed that the mitigation of methane gas from cattle could be done through the supplementation of concentrate feed with high levels of carbohydrates and fats of rice bran and palm kernel cake. Many studies with similar results have been reported (Johnson & Johnson, 1995; Lovett et al., 2005; Fievez et al., 2005; Ungerfield et al., 2005) that concentrate supplementation with a low level of fiber and nutrient with a high level of fat could lower gas ruminant methane. The decline rate of methane gas was 31% with concentrate supplementation in this study was relatively similar to a report by Jayanegara et al., (2015) , which succeeded in reducing methane gas emissions from cattle by 20%-27% in vitro by the addition of a secondary metabolic compound (tannin) as an animal feed additive. Pure tannin compounds were extracted from plant chestnut (Castanea sp.), Mimosa, quebrqcho, sumach, Rhus typhina and Salic alba, and they were rendered into basal rations in form of hay and straw feed (Jayanegara et al., 2009a; Jayanegara et al., 2009b) .
Based on the results of cattle dung weighing at Agrotechno Park (Table 4) , every cattle excreted between 6.5 kg and 9.07 kg or an average of 7,724 kg/head/d. If the dung is left open and stacked under anaerobic conditions where there is no oxygen, at a temperature higher than 15 o C, the methanogenic bacteria will ferment and produce methane (Bamualim et al., 2008) . The amount of cattle manure mentioned above has the potential of producing methane gas 1.138 L/head/d, which will be emitted into the atmosphere as a greenhouse gas.
The release of methane into the atmosphere from cattle manure can be prevented by accommodating cattle manure in a bio digester tank (Bamualim et al., 2008; Meggyes & Nagy, 2012; Agrahari & Triwari, 2013; Balingtan, 2014) . The bio digester tank will capture the biogas that contains methane, preventing methane gas from going up into the atmosphere. The biogas produced by a bio digester is a mixture of several gases (60% methane and 40% CO2), which is the result of the decomposition of organic materials by microorganisms in the absence of oxygen (an-aerobic). Biogas can ignite sparks, with an energy of 5.8 kcal/kg (Papacz, 2011) , so it can be used as an alternative energy source that is environmentally friendly and renewable, which is used as fuel for cooking, heating, lighting, generating the propulsion of electrical energy in generator and vehicles (Papacz, 2011; Meggyes & Nagy, 2012; Widihati et al., 2013; Agrahari & Triwari. 2013) . In the integrated agricultural application at Agrotechno Park Palembang, the biogas from bio digester tube is flowed into the reservoir tube, which is connected to the stove for cooking. One bio digester unit can produce biogas enough for cooking for 4 h/d, or equivalent to the methane gas production of about 300-500 g/d.
Based on this study, the installation of a biodigester in an integrated farming (Figure 1 ) which utilizes the methane gas in biogas as bioenergy is an activity that can reduce methane gas emissions into the atmosphere. The potential for methane emissions to the atmosphere that reached 147.73 mL methane/kg manure (Table 4) can be reduced if the cattle manure is collected in the bio digester and the biogas produced is used for energy. Luske (2010) reported that the mitigation by utilizing cattle manure into biogas reached 112 kg CO 2 e/tons of waste. Cattle manure management by utilizing methane in the form of biogas can reduce 70% of the methane emissions into the atmosphere, and the rest of the end result is in form of solid waste that can be used as organic fertilizer for plants (Bamualim et al., 2008) .
Another alternative mitigation of methane gas from animal waste applied to the integrated farming is by processing cattle manure through composting process (Figure 1) . Composting is the decomposition of organic matters into inorganic materials in a controlled treatments under aerobic conditions with the help of micro-organisms, including bacteria, fungi, actinomycetes, worms, and insects. During the composting process, the methane is released by microorganism, but it has been greatly reduced in comparison with the cattle dung which is left stacked in the collection place. The level of methane release during the composting process depends on the amount and type of organic materials, the type of composting, and environmental factors such as humidity and temperature. Turning over and aeration significantly affect methane emissions during composting process (Luske, 2010 ). An aerobic composting process with controlled treatments--closing the waste pile with plastic sheeting and turning over the compost regularly during the composting process--will not form methane gas but CO 2 gas, since the composting process of manure will reduce methane gas emissions into the atmosphere from livestock waste. Every year the Agrotechno Park integrated farming system in Palembang processes approximately 300 tons of manure from 100 cattle and 5,000 chicken and duck into compost which is then returned to the fields as organic fertilizer for corn and horticulture. Aerobic composting is done in a shaded place. Cattle manure waste as the main ingredient for compost making is mixed with plant residues, bran, limestone, and bio starter. The compost materials are stacked to form beds which are covered with tarpaulin, and the aeration is done by stirring and turning over the compost every week for 30 d.
Although this study did not measure the methane emissions during the composting process, various studies showed that composting could reduce methane emissions from cattle manure. Based on this assessment, the potential of methane emissions from cattle manure reached 1.138 L methane gas/head/d or 147.73 mL methane gas/kg of cattle manure (Table 4) . Brown et al. (2008) reported that the potential emissions of methane gas from cattle manure reached 120 g/kg manure, and the composting process decreased methane emission by 8.92 g/kg manure. According to Luske (2010) , the composting process of cattle manure into organic fertilizer lowers methane emissions by 92.5% from 23,446 kg CO 2 e/ha to 1,760 kg CO 2 e/ha. Meanwhile, a composting process will reduce greenhouse gases 48% lower than if cattle manure is just left stacked in the collection place, and the composting process of agricultural residues reduces methane emissions into the atmosphere by nearly 100%.
The Indonesian government is committed to reducing global warming by decreasing greenhouse gas emissions by 26% by 2020. The national action program of greenhouse gas mitigation is stipulated in Presidential Decree No. 61 of 2011, which states the importance of the widespread use of compost by building UPPO (Organic Fertilizer Processing Unit) and utilizing manure and agricultural wastes for biogas through Batamas program (Biogas of animal origin with the Community) (Balingtan, 2014) . The national reduction of greenhouse gas emissions from the agricultural sector in 2013 reached 12.73 million tons of CO 2 e, where the UPPO action program and Batamas respectively contributed 2.41 million tons of CO 2 e (18.9%) and 2.15 million tons of CO 2 e (16.9%) (Balingtan, 2014).
Atmospheric CO 2 Storage in Various Organic Products As a Result of Recycling Process
As shown in Figure 1 , the activities of an integrated farming system that recycles agricultural waste from one farming to another farming input is an activity that fixes CO 2 . Waste recycling activities produce animal feed, silage, fungi, fish, worms, vermicompost, biogas and organic fertilizer. Recycling is a process that fixes CO 2 and carbon in the form of organic products for a long period of time. Recycling will spur the transformation of organic waste into carbon in soil organic C and slows down the conversion of organic carbon into CO 2 gas to be released into the atmosphere. An integrated farming system is a complex poly-culture farm comprising the integration and diversification of various crops and livestock farming activities. The conversion from monoculture farming system to poly-culture farming system which is more complex will increase the fixation of C in farmland (Lal, 2003) . Each farming technique that increases the absorption of atmospheric CO 2 or slows down the release rate of CO 2 into the atmosphere will have an impact on carbon fixation from the atmosphere (Adam et al., 1998 ). An integrated farming system also produces more diverse farms that are economically more advantageous than monocultures (Russelle et al., 2007) . This system is also a climate-friendly agricultural technology and without waste (zero waste agriculture), does not have a negative effect on the environment, but instead provides added value for livestock activities (Haryanto, 2009) , so it is an alternative agricultural mitigation that can reduce greenhouse gas emissions
CONCLUSION
On the whole, the study showed that the integrated crop-livestock farming was an alternative to mitigate the impact of climatic change through: 1) the return of organic fertilizer and crop residue into the CO 2 -fixing land in soil organic matters and biomass plants; 2) supplementation of concentrate feed, bio digester installation and cattle dung composting had a role in lowering methane emissions from livestock activities; and 3) the recycle of agricultural waste to produce a variety of organic products that could store carbon for a longer period of time and slowed down the conversion of organic C into CO 2 .
